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© Method of processing molten plastic materials. 

© Molten plastic material is transferred from a 
source of molten plastic material to a nozzle for 
supplying a mold for the formation of molded plastic 
articles along a transfer path, which subjects the 
molten plastic materia l to shear h eating along the 
transfer path with the rreatinn 7A * ch Qa . 
history. The shear heating history of the moiten 
plastic material is substantially equalized by mixing 
the material at least once in the transfer path. The 

^heating history of the molten plastic material is also 

^equalized by mixing the material while it is in the 

- _ source. 
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distant from the channels so that the resin is not 
subject to large variations of heat input 

The "memory" of shear heating is called the 
"shear history" of the resin and it manifests itself 
as a variable viscosity profile and sometimes as 
degradation of the resin due to local overheating. A 
variable viscosity profile across the tubular section 
in turn causes the lower viscosity resin to flow 
more easily and hence preferentially to fill one 
cavity rather than another. This will be apparent by 
analyzing the change in shear rate profiles shown 
in Fig. 5 as the molten plastic material is sub- 
divided in the manifold. 

Thus, Fig. 5 shows transfer path or channel 30 
subdivided a first time into transfer paths 31 and 32 
and subdivided a second time into transfer paths 
33 and 34. Shear rate profile 35 changes to shear 
rate profiles 36 and 37 as the resin is subdivided 
into transfer paths 31 and 32, respectively. Thus, 
as the resin is subdivided into transfer paths 31 
and 32. the resin at channel walls 38 of first trans- 
fer path 30 follows the path' of the new channels 
clinging to walls 39 and 40 of new channels 31 and 
32 respectively immediately adjacent walls 38. On 
the other hand, the resin in the center of channel 

30 is split and follows the new channel walls 41 
and 42 on the sides opposite walls 39 and 40. The 
shear rate profiles 36 and 37 in second channels 

31 and 32 can be clearly seen as being quite 
different from shear rate profile 35 of channel 30. 

As the resin flows along second channels 31 
and 32, the shear rate profile is again modified to 
shear rate profile 43. For convenience, the profiles 
are only shown in one direction. Subdividing the 
flow a second time into third channels 33 and 34 
causes a still further change in the shear rate 
profiles 44 and 45. 

Cleariy the greater the distance between the 
subdivisions, the greater is the effect of the flow 
through the channels. Short distances between the 
subdivisions break up the flow frequently and tend 
to minimize the channel flow effect Cleariy, the 
significant change in shear rate profile represents 
an unacceptable situation as discussed 
hereinabove. 

As can be clearly seen, in accordance with the 
present invention, the molten plastic material is 
mixed at least once in the transfer path in order to 
equalize the shear heating history of the molten 
plastic material. This is clearly seen in Fig. 6 
wherein resin mixer 50 is placed in channel 32, 
with an exemplificative embodiment thereof shown 
in Pig. 7. it has been found in accordance with the 
present invention that by mixing the molten plastic 
material at least once, such as in the transfer path, 
to equalize the shear heating history thereof th 
foregoing disadvantageous results can be r adily 
overcome. Consequently, the heating history of the 



resin can be controlled and the flow balanced to 
nsur the resin being delivered to each cavity is 
in an essentially identical condition. This in turn 
eliminates the problems of unbalanced filling and 

5 degradation of heat sensitive resins. 

As clearly shown in Fig. 6. mixer 50 is placed 
in second channel 32. The resin entering mixer 50 
displays the typical shear heating profile 37 as 
shown in Fig. 5 resulting from the first subdivision. 

ro However, the resin leaving mixer 50 displays an 
equalized shear heating profile 51 which is slightly 
modified through the second subdivision into trans- 
fer paths 33 and 34 to become shear history pro- 
files 52 and 53. Naturally, a similar mixer 50 should 

1$ be placed In channel 31 in order to obtain the 
same effect and also elsewhere in the transfer 
path where necessary. 

As indicated hereinabove a typical mixer 50 is 
shown in Fig. 7 which includes a plurality of vanes 

20 54 across the transfer path in order to obtain effec- 
tive mixing of the resin. The vanes shown in Fig. 7 
have a semi-circular configuration to disrupt resin 
flow and intermix the resin by a swirling inter- 
change of resin material. The embodiment of Fig. 7 

25 is representative only and any suitable mixing de- 
vice may be used. Naturally, the particular mixers 
used must be correctly sized in both diameter 
length and degree of mixing to minimize the asso- 
ciated pressure drop, excessive shear heating and 

30 impedance to flow. Preferred results are obtained 
based on mixer placement in the transfer path. 
Thus, for example, if the shear heating profile in- 
dicates that the temperature of the resin will in- 
crease more than approximately 10* F depending 

35 of course on the resin then a mixer should be 
installed at that location to redistribute the resin in 
the channel. For example, shear heating profile 43 
in Fig. 5 clearly indicates the need for a mixer. 
Secondly, if by comparing the velocity profiles of 

40 the resin in symmetrically opposite parts of the 
channel system one finds that said velocity profiles 
differ, then a mixer should be installed at these 
locations to restore a balanced flow which is sub- 
stantially the same in symmetrically opposite loca- 

45 tions of.the channel system. Thus, for example the 
different profiles 44 and 45 in Rg. 5 clearly in- 
dicates the need for a mixer. 

As indicated hereinabove the present invention 
contemplates mixing the molten plastic material at 

so least once, preferably in the transfer path, to equal- 
ize the shear heating history thereof. The transfer 
path contemplated may be the transfer path from a 
source of molten plastic material, as extruder 10 in 
Rg. 1, to a reservoir or shooting pot as shooting 

55 pot 12 in Rg. 1. Alternatively, the transfer path can 
be the transfer path to th molds, as transfer path 
. 14inRg. 1. 

Th benefits to be obtained by the present 
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invention are clearly shown by Figures 8 and 9. 
Both of these figures illustrate the acetaldehyde 
generation for each cavity of a 32 cavity mold in a 
system used to process a plastic resin into a 
desired product Figure 8 reports the results of 5 
using a hot runner manifold with a mixer in the 
transfer path. Figure 9 reports the results of using a 
hot runner manifold without a mixer. Comparison of 
these figures clearly demonstrates that the use of a 
mixer will promote more uniform results as well as w 
significantly reduce the mean acetaldehyde gen- 
erated per cavity. 

Molten plastic material is often subjected to 
shear heating while it is in the source. The present 
invention further contemplates mixing the molten 75 
plastic material while it is within the source so as to 
improve the material flow characteristics by provid- 
ing a molten plastic material having a substantially 
zero gradient melt temperature. As shown in Figure 
10, the source 10 could be a screw type plasti- 20 
cizer. To achieve the foregoing, one or more mix- 
ers 50 are positioned within the source 10. For 
example, mixing device 58 having internal mixers 
50 may be mounted to the head 60 of an extruder 
screw 61. Any suitable means known in the art 25 
such as a threaded connection may be used to join 
the device 58 to the screw 61. The mixer(s) 50 
may be of the type shown n Figure 7. Molten 
plastic to be supplied to the transfer path 13 and 
eventually to the nozzles 16 and the molds 11 is 30 
first passed through channel(s) 62 into the mixer(s) 
50 and subsequently into the path 13 via the chan- 
nel 64. In this way, material having a substantially 
equalized heating history can be provided to the 
transfer path. 35 

It is to be understood that the invention is not 
limited to the illustrations described and shown 
herein, which are deemed to be merely illustrative 
of the best modes of carrying out the invention, 
and which are susceptible of modification of form. 40 
size, arrangement of parts and details of operation. 
The invention rather is intended to encompass ail 
such modifications which are within It spirit and 
scope as defined by the claims. 



Ctafms 

Claim 1. Method of processing molten plastic 
material for the formation of molded plastic articles so 
which comprises: providing a source (10) of molten 
plastic material; transferring said molten plastic ma- 
terial from said source (10) to a mold (11) for the 
formation of said molded plastic articles along a 
transfer path (13.31-34) including at least one tubu- 55 
lar chann l (20,30). thereby subjecting said molten 
plastic material to shear heating with the creation of 



a shear h ating history; and mixing said molten 
plastic material at least once to equalize the shear 
heating history thereof. 

Claim 2. A m thod according to claim 1 
wherein said transfer path (13) includes at least 
one change in direction, and wherein said mixing 
step takes place after the change in direction. 

Claim 3. A method according to claim 1 or 2 
wherein said transfer path (13) takes a place in a 
hot runner manifold (15). 

Claim 4. A method according to one of claims 
1-3 wherein said molten plastic material is trans- 
ferred to a mufticavity moid (11). 

Claim 5. A method according to at least one of 
claims 1-4 wherein said mixing step takes place 
when the temperature of said molten plastic ma- 
terial increases by about at least 10* F. 

Claim 6. A method according to at least one of 
claims 1-5 wherein said transfer path (13) is char- 
acterized by a split transfer path with symmetrically 
opposite changes of direction, and wherein said 
mixing step takes place when the velocity profiles 
(21) of the molten plastic material in the transfer 
path differ in symmetrically opposite parts of the 
transfer path, wherein said molten plastic material 
is mixed before said split transfer path. 

Claim 7. A method according to at least one of 
claims 1-6 wherein said molten plastic material is 
transferred from a source (10) of molten plastic 
material to a reservoir (12) and thence to a mold 
(11), wherein said mixing step takes place in the 
transfer path (13) from said source (10) to said 
reservoir (12). 

Claim 8. A method according to at least one of 
claims 1-7 wherein said mixing step takes place in 
said source (10) so as to provide material having a 
substantially zero gradient melt temperature. 

Claim 9. A method according to at least one of 
claims 1-8 wherein an injection nozzle (16) is pro- 
vided for supplying said mold (11) with said molten 
plastic material and said mixing step takes place 
prior to said material being delivered to said nozzle 
(16). 

Claim 10. A system for processing molten plas- 
tic material susceptible to shear heating and the 
creation of a shear heating history for the formation 
of molded plastic articles which comprises: 

a source (10) of molten plastic material; 
a mold (1*1) for the formation of said molded 
plastic articles; 

a nozzle (16) for supplying the mold (11) with 
said molten plastic material; 

means for transferring said molten plastic 
material from said source (10) to said nozzle (16); 
and 

m ans for substantially equalizing the shear 
heating history of said plastic material at least once 
prior to it being delivered to said nozzle (16). 
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Claim 11. A system according to claim 10 
further comprising said equalizing means (50) be- 
ing located within said source (10) to p rmit the 
delivery of plastic material having a substantially 
zero gradient melt temperature. 5 

Claim 12. A system according to claim 11 
wherein said source (10) comprises a screw-type 
extruder (61) and said equalizing means comprises 
a mixing device (58) having at least one mixer (50) 
mounted to said extruder. to 

Claim 13. A system according to claim 10-12 
wherein said equalizing means comprises means 
for substantially equalizing the shear history of said 
plastic material more than once prior to said plastic 
material being delivered to said nozzle (16). is 

Claim 14. A system according to at least one 
of claims 10-13 further comprising said equalizing 
means being located within said transfer means 
(13). 

Claim 15. A system according to at least one zo 
of claims 10-14 wherein said transfer means (13) 
includes a plurality of tubular channels (10,30,38- 
42) and said equalizing means comprises at least 
one mixer (50) positioned within at least one of said 
channels. 25 

Claim 16. A system according to at least one 
of claims 10-15 further comprising a reservoir (12) 
and said equalizing means being positioned inter- 
mediate said source (10) and said reservoir (12). 

Claim 17. A system according to at least one 30 
of claims 10-16 wherein said transfer means com- 
prises a path (13) having at least one change in 
direction and wherein said equalizing means is 
located after said at least one change in direction. 

Claim 18. A system according to at least one 35 
of claims 10-17 wherein said mold (11) is mui- 
ticavity mold having a plurality of nozzles 816) 
associated therewith. 
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